Abstract: This case study investigates the effects of ventilation intervention on measured and 12 perceived indoor air quality (IAQ) in a repaired school where occupants reported IAQ problems.
Introduction

27
The success of moisture-and mold-damaged building repairs depends on many factors.
28
Reaching a consensus about the necessary repair methods and schedule is not always simple, and 29 responding to problems might therefore be delayed. Occupants´ symptoms and discomfort can have 30 multiple causes, and detecting or treating them all is not always possible nor successful [1] . In cases where harmful impurities remain in the structures or crawlspaces after repairs, indoor air problems 32 might still occur. It has been shown that negative pressure indoors may introduce harmful pollutants
33
[2], e.g. fungal spores [3] , which may cause adverse health effects among occupants [4] . Preventing of indoor air did not show increased microbial levels or moisture indicator microbes. 
Measurement methods
144
Some of the measurements were conducted in the entire building section under study; others 145 were conducted in only the two classrooms with the most significant IAQ-related complaints from 146 the occupants: Classrooms 3 and 9. The measured factors and measurement devices are presented in Error! Reference source not found.. Air flow: ± 3.5 %, not better than 0.4 l/s. With backpressure: ± 10 %, lowest 1 l/s. T ± 0.5 °C. Barometer ± 3.5 hPa. intervention. Measurement devices were placed on the teacher's desk, away from the teacher's breathing zone when seated and as close to the central area of the room as possible.
Room
Indoor air quality (IAQ) measurements
VOCs were measured in Classrooms 3 and 9 and in the corridor before and after the ventilation had concentrations over 1 µg/m 3 were analyzed. The VOC sampling and analyses were carried out according to (ISO 16000-6) standard. Air samples were taken from the middle of an empty, closed room, in the central area of the room, or in the main working zone at a height of 1.5 m. The samples were collected during school working hours. Air samples were collected in Markes International Ltd
169
(Llantrisant, UK) stainless steel tubes packed with Tenax TA (60/80 mesh) using GilAir Plus air 170 sampling pumps (Sensidyne, St. Petersburg, USA) at a flow rate of 200 mL/min for 40 min.
171
The samples were desorbed using a thermal desorption unit, TD-100 (Markes International Ltd, Llantrisant, UK) and analyzed by a gas chromatograph, Clarus 580 (Perkin-Elmer Ltd., Beaconsfield, UK), equipped with a Clarus 600T (Perkin-Elmer Ltd., Beaconsfield, UK) mass selective detector. The compounds were determined from TVOC area (n-hexane to n-hexadecane) and calculated as toluene equivalents. Concentrations of single compounds were also determined from the chromatogram before and after the TVOC area. In the case of such compounds, the quantitative result was indicative.
deconvolution and identification system (AMDIS) was used for identification. The detection limit 180 was 0.2 µg/m 3 (not included in sum concentration).
181
The formaldehyde concentration of indoor air was measured using an FM-801 formaldehyde 182 meter (GrayWolf Sensing Solution, Sheldon, USA), and carbon monoxide (CO) was measured with
183
an electrochemical sensor with a TG-501 probe using an AdvancedSense meter (GrayWolf Sensing Solution, Sheldon, USA).
185
Fine particulate matter (PM2.5) was measured using an MIE pDR-1500 (Thermo Fisher Scientific, Franklin, MA, USA) nephelometer equipped with a PM2.5 size-selective inlet cyclone. Formaldehyde 187 and PM2.5 were measured continuously for a one-week period before and after ventilation 188 intervention, while CO was measured for a one-week period after the intervention, in Classroom 3. 
194
The mycobiota of indoor dust was collected from the studied building section´s extract air filter,
195
as well as from the settled dust collected from Classrooms 3 and 9. Reference dust was collected from the outdoor air. Characterization of the mycobiota was accomplished in three stages:
filter material (ca. 1 cm x 1 cm) were spread on malt extract agar plates (MEA, Sharlab, Spain; agar: 
226
The questionnaire consists of four different foci: (1) the work environment; (2) the work 227 arrangements; (3) the employees' allergy history; and (4) work-related symptoms. The questionnaire asked the respondents to recall environmental problems (draft, dry or stuffy air, etc.) that had 229 occurred during the past three months.
230
Staff members of the whole school were requested to participate in the questionnaire, and the 231 principal of the school arranged for the delivery of the questionnaires at the workplace. Staff 232 members had two weeks to respond to the questionnaire. FIOH collected and reported the answers.
233
Potentially significant differences between the two questionnaires were analyzed at Aalto
234
University by the SPSS statistical program, with a chi-squared test. The main interest was to determine whether symptoms supposedly related to impurities from the structures could be reduced
236
by converting infiltration to exfiltration in the studied building section.
237
Results and discussion
238
Airflow rate measurements and pressure differences across the building envelope
239
Total airflow rates before and after the ventilation intervention are shown in Table 2 . 
240
243
Before balancing, the airflow rates were found to be heavily unbalanced in most classrooms, as 
252
Airflow rates were measured as spot checks from some classrooms in spring 2017, and had been 253 maintained at the required level.
254
Pressure differences across the building envelope from one week before and after the 
Temperature, relative humidity, and CO2 concentration of indoor air
311
Results from one week before and after ventilation intervention are shown in 
315
The measurement results after the ventilation intervention are shown as a duration curve in Figure 5 ,
316
and average, minimum, and maximum values are described in Classroom 9, which can be explained by the location of the room on the western side of the building.
333
The RH of the classrooms closely followed the absolute humidity of the outdoor air, i.e. values 
Indoor air quality (IAQ) measurements
341
TVOC, VOC, formaldehyde, and CO measurement results are shown in Table 4 . 
366
and parameters for statistical analysis are given in Table 5 . 
370
374
[27]. All known PM2.5 sources in the studied building are outdoor sources; for example, traffic and burning products. PM2.5 concentrations were very low before and after the intervention. However,
376
tested by the independent two-sample t-test, the difference in medians was statistically extremely 377 significant at the 100 % confidence interval (p = 0.000, 2-tailed). Daily actions can affect the PM2.5 
393
The fungal colonies representing the dominant morphotypes (Error! Reference source not 394 found.) after four weeks of incubation were characterized to genus or species level ( 
409
*Toxigenic when screened with boar sperm inhibition test and/or cytotoxicity against porcine kidney cells.
410
In dust collected after the ventilation intervention, the dominant mycobiota (except Rhizopus sp.) 
Indoor air questionnaire
Indoor air questionnaire results from the studied building section and from the other building sections are presented in Table 8 . Occupants answered the questionnaire in the studied building simultaneously in the other building sections where no ventilation or other changes had taken place.
factors instead of the chi-squared test. Due to the low number of occupants and the low response rate in the studied building section, individual answers were emphasized and significant differences (p-value < 0.05) were not found in the statistical analysis. The unwanted negative pressure differences, especially during holidays, indoor space, a holistic ventilation investigation was revealed to be essential.
483
The aim of 5-7 Pa positive pressure for a period of nine months was only partly reached. In
484
another studied classroom, the pressure difference was mostly close to 0 Pa. The TVOC and PM2.5
485
concentrations decreased significantly after ventilation intervention, yet these were initially very low.
486
The occupant questionnaire data analysis was weakened by the low number of occupants who 
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